In order to study the change laws of dynamic modulus with different framework types under different frequencies and temperatures and obtain the dynamic moduli with wider frequency ranges and temperature ranges, asphalt mastic specimens through removing coarse aggregates in AC-13, SMA-13 and OGFC-13 asphalt mixture were prepared. The dynamic moduli with different frequencies and temperatures were measured by simple performance tests, and the master curves of dynamic modulus of asphalt mastics were acquired by the time-temperature equivalence principle. The results show that the dynamic moduli of asphalt mastic increase with the increase of load frequencies under the same temperature, and the dynamic modulus order is AC-13>SMA-13>OGFC-13. In addition, the dynamic moduli of asphalt mastic decrease when the temperatures rise. The dynamic moduli with wider frequency and temperature ranges are obtained from the master curves of dynamic modulus of asphalt mastic.
INTRODUCTION
Asphalt mastic is composed of fine aggregates, mineral powder and asphalt binder. Mechanical properties of asphalt mastics are affected by environment temperature and load frequency greatly, and their viscoelastic properties exhibit an equivalent relationship between high-temperature low-frequency and low-temperature high-frequency. Moreover, the influence of the viscoelasticity of asphalt mastic on mechanical properties of asphalt mixture is very significant. The using temperature range of asphalt pavement is -40 º C ~ 60 º C since the difference of vehicle speed and universality of using region. However, the performance indexes of asphalt mastics could not be obtained at higher or lower frequencies and temperatures in laboratory tests. Therefore, the performance indexes of full frequency-domain and full temperature-domain can be gotten using the limited test frequencies and the time-temperature equivalence principle.
Underwood and Kim investigated the asphalt mastic fatigue with a continuum damage model, and analyzed the cohesive properties of asphalt mastics with varying filler volumetric concentrations and nonlinear viscoelastic behaviours using nanoindentation. Davis et al researched the effects of physico-chemical interaction on binder matrix microstructure using atomic force microscopy and attempted to qualitatively relate microstructural findings to macroscopic rheology. Makowska et al. employed the etchable iron content proposed as the missing parameter to predict the stiffening of asphalt mastic.
The present studies focus on the fatigue and mechanical properties of only one type of asphalt mastic through analyzing the above references. However, the performance and mechanical properties are quite different for asphalt mixtures with different types of frameworks. In addition, the properties of asphalt mixture are affected by the nature of asphalt mastic largely. So, it is necessary to take a comparative study on the mechanical properties of asphalt mastics with different types of frameworks. The corresponding fine aggregate gradation and asphalt content were calculated by considering the gradations of AC-13, SMA-13 and OGFC-13 mixtures, asphalt mastic specimens were prepared, and dynamic moduli were measured by the simple performance test at different temperatures. The change laws of dynamic modulus were researched for asphalt mastics with different types of frameworks, and the dynamic modulus master curves were calculated to obtain the mechanical properties of asphalt mastics in a wider temperature-domain and frequency-domain.
PROPERTY OF RAW MATERIALS
Asphalt binder is SBS modified asphalt binder, fine aggregates and mineral powder are made from limestone. The technical indexes of asphalt binder, fine aggregates and mineral powder are shown in Table 1~2 . The technical indexes of fine aggregate were measured according to the "Test Methods of Aggregate for Highway Engineering" (JTG E42-2005) , and the technical indexes of asphalt binder were measured according to the "Standard Test Methods of Bitumen and Bituminous Mixtures for Highway Engineering" (JTJ E20-2011). 
MIX DESIGN
Asphalt mastic uses the gradation of fine aggregates in AC-13, SMA-13 and OGFC-13 asphalt mixtures, and the particle size ranges of fine aggregates are 1.18 ~ 2.36 mm, 0.6 ~ 1.18 mm, 0.3 ~ 0.6 mm, 0.15 ~ 0.3 mm, 0.075 ~ 0.15 mm. The proportion relationship of aggregates in asphalt mastics remains unchanged and the total retained percentage is 100%. The retained percentages of each sieve are shown in Table 3 . The optimum asphalt-aggregate ratios of AC-13, SMA-13 and OGFC-13 asphalt mixtures were 4.7%, 6.0% and 5.0% by the Marshall tests. The asphalt-aggregate ratios of asphalt mastics were 11.88%, 19.88% and 24.14%, which were calculated according to the specific surface area of aggregates, specific gravity of asphalt and thickness of asphalt film.
PREPARATION OF SPECIMENS
Mass ratios of aggregate and asphalt binder were calculated by asphalt-aggregate ratios of asphalt mastics, the measured bulk density of aggregates were converted into the volume ratios of aggregates, and aggregate mass of each sieve was available by the specimen volume. Asphalt mastic specimens were prepared by the static pressing method since the asphalt mastics were of small particle size and high asphalt content. The diameter of asphalt mastic specimen is 100 mm and its height is 100 mm. The specimens are shown in Figure 1 . From Figures 2~5, it can be seen that the dynamic moduli of asphalt mastics increase with the increase of load frequencies at the same temperature. The dynamic modulus of three types of asphalt mastics is AC>SMA>OGFC, and the reason is that SMA and OGFC asphalt mastics have higher mineral powder and asphalt content, so their carrying capacities are less than that of AC asphalt mastic. For example, at 20ºC, the dynamic moduli of SMA and OGFC asphalt mastics decrease by 37.4% and 64.0% compared with that of AC asphalt mastic for 0.1Hz. The dynamic moduli of SMA and OGFC asphalt mastics decrease by 29.4% and 66.1% compared with that of AC asphalt mastic for 1Hz. And their dynamic moduli decrease by 28.4% and 68.4% compared with that of AC asphalt mastic for 10Hz.
For the same frequency, the dynamic moduli of asphalt mastic reduce as the temperature increases, and the higher the temperature is, the closer dynamic moduli of three frameworks become. For example, at 25Hz, the dynamic moduli of SMA and OGFC asphalt mastics decline by 56.7% and 87.0% compared with that of AC asphalt mastic for -10ºC. The dynamic moduli of SMA and OGFC asphalt mastics decline by 50.3% and 88.5% compared with that of AC asphalt mastic for 0ºC. And their dynamic moduli decline by 26.8% and 69.6% compared with that of AC asphalt mastic for 20ºC.
DETERMINATION OF DYNAMIC MODULUS MASTER CURVES AND ANALYSIS
The test temperatures are -10ºC, 0ºC, 10ºC and 20ºC. 10ºC is taken as the reference temperature, and the corresponding reduced frequencies are calculated by formula (1) after the corresponding shift factors are calculated at -10ºC, 0ºC and 20ºC according to the time-temperature equivalence principle.
Where, r f is reduced frequency, Hz. T α is shift factor. f is frequency, Hz.
The dynamic moduli of different asphalt mastics are fitted by the Sigmoidal function using formula (2), then the fitting parameters of formula (2) 
Where, * E is dynamic modulus, MPa δ , α , β and γ are fitting parameters of Sigmoidal curve. δ and α depend on the gradation, asphalt content and air void. β and γ depend on the characteristics of asphalt binder, δ and α .
The relationship between temperatures and shift factors is solved by formula (3).
Where, T is test temperature, ºC. R T is reference temperature, 10ºC. 1 c and 2 c are fitting parameters. The shift factors for three types of asphalt mastics and the fitting parameters are shown in Table 4 . It can be observed that the relationship curves between dynamic moduli and reduced frequencies fitted by the Sigmoidal curves have higher correlation coefficients from Table 4 and Figures 6~8. And the dynamic modulus master curves reflect the relationship between load frequency and the properties of viscoelastic materials, and the dynamic modulus can be predicted from the full frequency-domain.
In summary, the viscoelastic material properties in three-dimensional space are mapped into two-dimensional space using the time-temperature equivalence principle. Finally, the test results at limited load frequencies and temperatures are extended to wider time and temperature range by the master curves.
CONCLUSIONS
(1) For the same temperature, the dynamic moduli of asphalt mastics increase with the increase of load frequency, and the order is AC>SMA>OGFC for three types of asphalt mastics.
(2) For the same frequency, the dynamic moduli of asphalt mastics decrease as the test temperatures rise. The higher the temperature is, the closer dynamic moduli of three types of asphalt mastics become. (3) The dynamic modulus master curves of asphalt mastics are determined according to the time-temperature equivalence principle, then the dynamic moduli at wider frequencydomain and temperature-domain are available using the master curves.
